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Work function of pyridine adsorption on metal surfaces 
Substrate WorkFunction (eV) reference 
Cu(110) -2.9 this work 
Cu(111) -2.32 exp. 1 
Pt(111) -2.7 exp. 2 
Pt(110) -2.5 exp. 2 
Au(111) -2.33 theory 3 
Au(111) -3.05 theory 4 
Poly Au -3.35 Theory 5 
W(110) -1.9 exp. 6 
Ag(110) -1.7 exp. 7 
Poly. Ag -1.5 exp. 8 
ZnO(1010) -2.9 Exp. And theory 9 
 
Table S1. Work function reduction by 1ML pyridine on different metal surfaces. 
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Ultraviolet photon spectroscopy of Pyridine on Cu(110) 
A photon beam of Eν = 21.2 eV is emitted from a discharge He(I) lamp onto the sample, at 45° 
incidence angle. Then the metal surface ejects electrons with kinetic energy EK which are detected 
by a hemispherical electron analyser. The relationship with the photon energy is EK = Eν −EB –φ; 
where EB is the binding energy of the surface electrons and φ is the work function. UPS probes the 
occupied density of states of the valence band and electronic states of the adsorbate. The analyser 
detects mainly electrons emitted along the surface normal, but the finite acceptance angle means 
the spectra are an average of the surface Brillouin zone (SBZ) around the Γ̅ point. For example, the 
occupied surface at Υ̅  is still seen in the set-up used. 
Figure S1. UPS spectra of the bare Cu(110) (black line) and pyridine layer on Cu(110) (red line). 
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Normalized pyridine on Cu(110) spectra 
 
 
Figure S2. Left graphs, lower (a) and higher (c) coverages of pyridine SFG spectra on Cu(110) 
normalized by the nonresonant response of the bare Cu(110) (grey line in graphs (b) and (d)).  
Right graphs, corresponding raw pyridine-Cu(110) SFG spectra at lower (b)  and higher (d).  
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SFG spectra analysis of the Pyridine on Cu(110) at different coverages 
 
Figure S3. Spectral parameters of the CH- resonant contribution: phase, width, frequency and 
height and nonresonant contribution height for the two solutions of the SFG spectra of the pyridine 
adsorbed on Cu(110) as a function of coverage. 
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IR and Raman hyperpolarizabilities 
 
Sym CH frequency IR Raman Product(SFG) 
B1 3169 0.74 0.45 0.333 
A1 3171 0.26 0.31 0.081 
A1 3191 0.19 0.39 0.074 
B1 3207 0.77 0.13 0.100 
A1 3215 0.19 1.00 0.190 
 
Table S2. Pyridine Raman and IR hyperpolarizabilities calculated using Spartan.  
Free-induction decay on bare vs 1ML pyridine on Cu(110)  
 
Figure S4. Free-induction-type measurement on bare Cu(110) and 1ML pyridine. The time delay 
is the arrival time difference between the femtosecond infrared pulse centred around 3050 cm-1 
and the femtosecond 2.33 eV pulse used in DFG. The measured difference frequency signal is 
spectrally integrated and normalized. The response curve for bare copper shows that we have a 
temporal asymmetry in one of the two femtosecond pulses. If a pyridine vibrational resonance 
contributed to the DFG signal, then the decay at positive delay times should be much slower than 
for the bare copper surface. The pyridine resonance has a spectral FWHM of 4 cm-1, 
corresponding to a T2 time of 2.65 ps, respectively a polarization decay time of 1.33 ps. 
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Effect of the 2.33 eV-pump at different pyridine coverages on Cu(110)   
Figure S5. Effect of the 2.33 eV-pump at two different pyridine coverages. At 200 K, 1ML of 
pyridine is adsorbed on Cu(110)  (green traces) and a 2.33 eV pump beam has a substantial effect 
on both surface electron and vibrational responses. After annealing to 280 K, more than half of 
the ML of pyridine has been desorbed from Cu(110) (red traces). The curves for no pump, 0.5 
ps and 0 ps now closely overlap, showing a reduced effect of the pump pulse at lower coverage.  
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